The present study investigated reinstatement of conditioned responses in humans by using a differential Pavlovian conditioning procedure. Evidence for reinstatement was established in a direct (fear rating) and in an indirect measure (secondary reaction time task) of conditioning. Moreover, the amount of reinstatement in the secondary reaction time task was significantly correlated with the difference in valence between the conditioned stimulus (CS)+ and the CS− after extinction. These data provide clear evidence for reinstatement and for the role of negative stimulus valence in the return of conditioned responding after extinction.
Although extinction used to be conceived of as a process of unlearning of a previously acquired association, numerous contradicting findings have led to a new conceptualization of the mechanisms of extinction. Research has demonstrated that although conditioned responding is attenuated, a lot of what has been learned during acquisition remains unaffected by extinction. First, research shows that extinction does not abolish the original conditioned stimulus (CS)-unconditioned stimulus (US) association, and can even leave this CS-US association intact (see Rescorla 1996) . Second, there is ample evidence indicating that the acquired valence of the CS survives extinction (for an overview, see De Houwer et al. 2001) .
With respect to the first issue, four phenomena (spontaneous recovery, renewal, rapid reacquisition, and reinstatement) illustrate the preservation of the CS-US association after extinction (see Bouton 2002) . This article will focus on "reinstatement," which refers to the return of extinguished conditioned responses due to the experience of one or more US-only presentations after extinction. In sharp contrast with the extensive amount of animal research (see Rescorla and Heth 1975; Bouton and Bolles 1979; Delamater 1997) , only little research has been conducted on reinstatement in humans. By using a differential aversive conditioning procedure, Hermans, Dirikx and colleagues were able to demonstrate reinstatement effects in humans (Hermans et al. 2004; T. Dirikx, D. Hermans, D. Vansteenwegen, F. Baeyens, and P. Eelen, in prep.) . To our knowledge these experiments provide the first evidence for reinstatement of aversively conditioned responses in humans. Except for some details (e.g., the number of CS presentations), the procedure used in these studies was very similar to the present one. The participants went through the same phases as described below, and the same dependent measures were used.
In addition to the fact that the CS-US association can survive extinction and can hence be the basis for the re-emergence of conditioned responses, we consider the evaluatively conditioned, but extinction-resistant negative valence of the aversively conditioned CS+ as a second possible pathway for the return of conditioned responding. Evaluative conditioning refers to changes in stimulus valence due to the pairing of this stimulus with another (positive or negative) stimulus (De Houwer et al. 2001) . For instance, in the context of human aversive conditioning, Hermans et al. (2002c) have demonstrated that the CS+ acquires a negative stimulus valence throughout acquisition. It is now well-documented that one of the most important properties of evaluative learning is its resistance to extinction. This has been demonstrated in studies on preference learning in animals (see Elizalde and Sclafani 1990) as well as in different evaluative conditioning preparations in humans (see Baeyens et al. 1988; Hermans et al. 2002b) . With respect to the return of conditioned responding after extinction, Hermans et al. (2002c) suggested that the remaining negative valence of the CS+ after extinction might function as an affective-motivational source for the re-emergence of conditioned fear responses. Some preliminary evidence for this hypothesis was obtained in the aforementioned reinstatement studies by Hermans et al. (2004) and T. Dirikx, D. Hermans, D. Vansteenwegen, F. Baeyens, and P. Eelen (in prep.) . Although no significant reinstatement effect was established in the reaction time data, in both studies a significant correlation was demonstrated between the valence of the CS+ after extinction and the extent to which a return of differential reaction times was observed after the reinstating USs. The more negative the CS+, the more the reinstatement was demonstrated.
These observations are in accordance with the emotion theory that was proposed by Lang (1995) . According to Lang, all emotions can be located in a two-dimensional space, with affective valence (positive/negative) and arousal (high/low) as crucial dimensions. These dimensions interact to constitute different emotions. Against this background, fear can be considered as an emotion characterized by a negative valence and high levels of arousal. If we apply this line of reasoning to the reinstatement procedure, this would mean the following: The extinction procedure leads to a significant decrease in arousal, but leaves the negative stimulus valence intact (cf. Hermans et al. 2002b ). The next step in our procedure is to administer unpredictable US-only trials. This reinstatement procedure could be considered as a procedure that essentially endows the context with a higher level of arousal (context-conditioning during reinstatement; Bouton 1991) . Introducing the still negatively valenced CS+ in this arousing context during test might recombine the negative valence with a higher level of arousal, thus leading to a partial "reinstatement" of the previously extinguished fear responses. In presenting this view on reinstatement, we consider it complementary to Bouton's viewpoint (Bouton 1991 ) on reinstatement as a result of contextual conditioning of the reinstatement context. We state that stimulus valence might play an important role in explaining interindividual differences in the strength of the reinstatement effect.
The present study replicated and extended our previous findings. First, in the present study reinstatement of aversively conditioned responses was observed, and second, the return of aversively conditioned responses was mediated by the conditioned (negative) stimulus valence. An important extension of the results of the previous studies is that the reinstatement effect could also be demonstrated using a nonverbal measure. More specifically, a secondary reaction time task was used as a measure of conditioned responding (based on Dawson et al. 1982) . This task involves the presentation of tone probes during the presentation of the CSs. It has previously been demonstrated (see Dawson et al. 1982 ) that reaction times are slowed down on probes that are presented during CS+, compared with probes presented during the CS‫,מ‬ which is attributed to allocation of processing resources toward the CS+. This difference was predicted to disappear during extinction and to selectively reappear in the reinstatement group during test. The results of the present study show exactly this pattern of results. As such, the present results rule out the possibility that the reinstatement effects were (partly) due to demand effects. This was a limitation of the previous studies (Hermans et al. 2004 ; T. Dirikx, D. Hermans, D. Vansteenwegen, F. Baeyens, and P. Eelen, in prep.) in which the effect of reinstatement could only be demonstrated in the verbal reports.
Because the crucial acquisition and extinction effects did not interact with the between-subjects variable "condition," we combined both groups for the analyses concerning these first two phases. The data from the verbal ratings were analyzed by using a two-by-two univariate ANOVA with CS-type (CS+/CSa) and Moment (combinations of preacquisition, postacquisition, postextinction, and post-reinstatement) as within-subjects variables. Wherever available, the ratings were compared with a previous rating (e.g., postextinction rating with postacquisition rating to test for extinction). For the data that concerned the test phase, a similar ANOVA was carried out but with the between-subjects variable "condition" (control/reinstatement group) included in the analyses. The results were further examined by using contrast analyses. With respect to the secondary reaction time task, all reaction times >1000 msec and <200 msec were excluded from the analyses to reduce the influence of outlier responses. An ␣ level of 0.05 was used for all statistical tests.
In all of our dependent measures, significant acquisition effects were demonstrated. All relevant means are presented in Table 1 . First, the acquisition data of the secondary reaction time task were analyzed by using a 2 (block, 1/2) ‫ן‬ 2 (CS: CS+/CSa) ‫ן‬ 2 (probe position: early/late) ANOVA. A significant main effect of CS was observed, F (1,20) = 8.19, MSE = 24069, with significantly slower reaction times on probes that were presented during the CS+ compared with probes presented during the CS-a . Confirming the data of this indirect measure, following acquisition the participants demonstrated significantly higher US expectancy ratings for the CS+ compared with the CS-a, F (1,31) = 122.10, MSE = 826. Hence, because of the acquisition procedure, the CS+ became a valid predictor of the US. Because preacquisition ratings of valence and fear were collected, the acquisition effects for these variables were evaluated by comparing the postacquisition ratings with the preacquisition ratings. The The presented means concern the data that were part of the crucial ANOVA concerning the particular phase [e.g., the mean postextinction fear rating for the CS‫נ‬ concerns the participants that were included in the 2 (Moment: postacquisition/postextinction) ‫2ן‬ (CS) ANOVA for the fear ratings]. Next the extinction data were analyzed. The reaction time data of the extinction phase were analyzed by using a 2 (block: last acquisition block/the last extinction block; for the participants who received extra extinction blocks, the data of block 5 were analyzed, whereas for the other participants, the last extinction block was block 3) ‫ן‬ 2 (CS) ‫ן‬ 2 (probe position) ANOVA. The block ‫ן‬ CS interaction proved to be significant, F (1,24) = 14.60, MSE = 8779, resulting in the disappearance of the main effect of CS in the last extinction block, F < 1. Extinction was also clearly demonstrated in the US expectancy and fear ratings (For the participants who received extra extinction blocks, the analyses of all postextinction ratings concerned the ratings after the extra blocks). The Moment (postacquisition/ postextinction) ‫ן‬ CS interaction proved to be significant for US expectancy, F (1,31) = 62.30, MSE = 532, and for fear F (1,30) = 14.88, MSE = 3.13, indicating differential changes for the CS+ and the CS-a . Despite these changes, the difference between the CS+ and CS-a remained significant after extinction, both for the US expectancy ratings, F (1,31) = 14.49, MSE = 248, and the fear ratings, F (1,30) = 22.71, MSE = 3.78. With regard to the US expectancy ratings, the condition ‫ן‬ Moment ‫ן‬ CS interaction proved to be significant, F (1,30) = 4.60, MSE = 477. The Moment ‫ן‬ CS interaction was significant for both conditions, but this effect was more pronounced in the control group, F (1,30) = 52.88, MSE = 477, than in the reinstatement group, F (1,30) = 21.25, MSE = 477. With regard to the evaluative ratings, the CS+, F (1,30) = 5.79, MSE = 3.81, changed in valence from the postacquisition to the postextinction rating but the CS-a did not, F (1,30) = 1.40, MSE = 2.60, P = 0.25. The Moment (postacquisition/postextinction) ‫ן‬ CS interaction was significant, F (1,30) = 6.98, MSE = 3.12. Again we refer to Table 1 for an overview of all relevant means. Thus, after acquisition and extinction, all preconditions for investigating reinstatement were met. In all dependent measures, significant acquisition effects were demonstrated, and extinction was established in the secondary reaction time task, the fear ratings, and the US expectancy ratings. In contrast to, for example, Hermans et al. (2002b) , in the present study extinction was also demonstrated in the evaluative ratings.
To test for reinstatement, the data of the secondary reaction time task were analyzed by using a 2 (group: reinstatement/ control group) ‫ן‬ 2 (block: last extinction block/first test block) ‫ן‬ 2 (CS) ANOVA (Fig. 1) . The analysis of the two-way interactions for both levels of the between groups variable provided strong evidence for reinstatement. The block ‫ן‬ CS interaction proved to be highly significant for the reinstatement group, F (1,24) = 8.04, MSE = 8763. A comparison between the last extinction block and the first test block showed a strong increase in reaction times on probes presented during the CS+, F (1,24) = 11.67, MSE = 15594, whereas no such change was present for probes presented during the CS-a, F < 1. This differential change in reaction times led to the re-emergence of the effect of the CS variable in the first test block, F (1,24) = 7.03, MSE = 12308. In contrast with these data, the control group did not show any changes when the last extinction block was compared with the first test block. There were no changes in reaction times, not for the CS+ or for the CS-a, F < 1. The block ‫ן‬ CS interaction was not significant, F < 1, and no effect of CS could be observed during test, F < 1. The crucial three-way interaction, which summarizes the data for both groups, just failed to reach statistical significance, F (1,24) = 3.4, P = 0.08, MSE = 8763. In addition to the data of the secondary reaction time task, reinstatement was also established in the fear ratings (Fig. 2) . In line with the predictions, the crucial condition ‫ן‬ Moment ‫ן‬ CS interaction proved to be significant, F (1,30) = 4.87, MSE = 1.02. Looking at the data for the control participants separately revealed a continuation of extinction in this group. The Moment (postextinction/test) ‫ן‬ CS interaction was significant, F (1,30) = 7.23, MSE = 1.02. Whereas after the extinction phase there had remained a significant difference between the CS+ and the CS-a, both stimuli were equally fearful at the test rating, F (1,30) = 1.82, P = 0.19, MSE = 3.1. The Moment ‫ן‬ CS interaction was not significant in the reinstatement group, F < 1, but a third way of looking at the data, namely, analyzing the condition ‫ן‬ Moment interactions for each level of the CS variable clearly demonstrates the successfulness of our manipulation. The condition ‫ן‬ Moment interaction was significant for the CS+, F (1,30) = 10.12, MSE = 2. The reinstatement manipulation had a differential effect on the fearfulness of the CS+, in that the fear of the CS+ increased significantly in the reinstatement group, F (1,30) = 7.65, MSE = 3.87, whereas a marginally significant decrease was observed in the control group, F (1,30) = 3.12, P = 0.09, MSE = 2.4. Contrary to these results 2 For four participants, the CSs chosen during the stimulus-selection phase were not among the most neutral due to a procedural error. Two participants started acquisition with a difference in valence between the CS+ and CS-a in the direction that we would expect after acquisition. When these two participants are discarded from the analyses, the Moment ‫ן‬ CS interaction remained highly significant, F (1,28) = 16.32, MSE = 7.11. 
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www.learnmem.org for the CS+, the condition ‫ן‬ Moment interaction was not significant for the control stimulus, F (1,30) = 2.05, P = 0.16, MSE = 1.55. The reinstatement effects observed in the secondary reaction time task and the fear ratings could not be replicated in the US expectancy ratings. The condition ‫ן‬ Moment ‫ן‬ CS interaction was not significant, F < 1, nor was the twoway interaction for the reinstatement group, F (1,30) = 1.29, P = 0.27, MSE = 138. Both for the CS+, F (1,30) = 5.69, MSE = 472, and the CS-a, F (1,30) = 5.85, MSE = 224, a significant condition ‫ן‬ Moment interaction was observed, indicating that the reinstatement procedure did not selectively affect the CS+ but also increased responding to the CS-a. An overview of the relevant means concerning the test phase is presented in Table 1 .
To test our hypothesis concerning the relationship between stimulus valence and return of fear, a correlational analysis was carried out. As expected, for the reinstatement group a significant correlation was demonstrated between the difference in valence between the CS+ and CS-a after extinction on the one hand (the rating for the CS-a was subtracted from the rating for the CS+), and the amount of reinstatement observed in the secondary reaction time task 3 one the other hand (r = ‫,95.0מ‬ P < 0.05). This correlation was not significant in the control group (P = 0.17). No similar relationship was observed with the residual difference in US expectancy after extinction (r = 0.29, P = 0.32). The correlation between the amount of reinstatement in the RT data and the difference in fear of the CS+ and CS-a after extinction, however, was marginally significant (r = 0.48, P = 0.08). In line with the emotion theory by Lang (1995) , we believe that the fear rating might tap a combination of both the evaluative as well as the arousing characteristics of the CSs. Therefore, it is not surprising that the correlation with the fear rating goes in the same direction as the one for the evaluative (valence) rating.
Our data indicate that for the participants who received reinstating USs and thus experience the context as dangerous, the extent to which they show reinstatement is related to the difference in valence between the CS+ and CS-a after extinction.
A total of 46 participants (20 women) volunteered to participate in this study. Because knowledge of the relevant contingencies (CS+/US, CS‫)מ/מ‬ was considered to be a necessary precondition for the study of a return of conditioned responses, only participants who were contingency aware, were included in the analyses. As a result, the data of 13 participants were eliminated from the analyses because these persons did not reach our criterion for contingency-awareness. Seventeen of the 33 remaining participants (14 women) were assigned to the reinstatement group, and the other 16 participants formed the control group.
All stimuli used were selected from a set of 20 color pictures of human faces (see Hermans et al. 2002c ) and were presented on a computer screen. The US was an electrocutaneous stimulus that was administered to the left wrist. Fukuda standard Ag/AgCl electrodes (1.2-cm diameter) were filled with K-Y jelly. Reaction time probes were 100-Hz tones with a duration of 2000 msec. The administration of all stimuli and the registration of the ratings and RTs were controlled by a program that was constructed with Affect 3.0, a Windows-based software package (Hermans et al. 2002a) . Before the start of the experiment, the participants were informed about the use of electrocutaneous stimuli and about the fact that they could end their participation at any moment during the experiment. All participants gave written informed consent.
The dependent variables in the present study were verbal ratings and reaction times on probes presented during the CSs. Evaluative ratings and fear ratings of all 20 pictures were administered before the start of the experiment. After the acquisition phase, contingency awareness was assessed. Participants were considered to be contingency aware if they could correctly identify the CS+ and CS‫מ‬ and were at least "reasonably certain" of their choice. The acquisition, extinction, and test phases were each followed by a rating phase. These rating phases took ∼2 to 3 min. First, each CS was rated on an 11-point scale ranging from "not at all" to "very much" for the amount of US expectancy that was associated with it. Similarly, fear ratings were obtained for every CS. For the acquisition and extinction phases, these ratings referred to the last presentations of the stimuli. For the reinstatement phase, these ratings referred to the crucial test trials (i.e., the first presentations of the test phase). Finally, every picture was evaluatively rated by using an 21-point rating scale that ranged from ‫01מ‬ (very unpleasant) to 10 (very pleasant), with zero as the neutral midpoint (evaluative rating). With regard to the secondary reaction time task, half of the probes appeared 300 msec after stimulus onset (early probes), whereas the other half was administered 6000 msec after CS onset (late probes). During the acquisition and the extinction phase, half of the CSs were administered with a tone probe, whereas during the test (of reinstatement) phase probes were presented with all pictures. The participants were asked to press the space bar as quickly as possible when the tone was presented. The experiment thus consisted of five phases: stimulus selection, acquisition, extinction, reinstatement, and test. An overview of the different phases and their duration is presented in Figure 3 .
At the start of the stimulus-selection phase, the intensity of the electrocutaneous stimulus was set for each participant individually. We asked the participant to choose an intensity that was "unpleasant and demanding some effort to tolerate." All 20 pictures were rated for valence and for the amount of fear that was evoked by the pictures. Based on these ratings, the two among the neutral pictures of this set were chosen to be the CS+ and CS-a . The CS-a was considered to be the crucial control stimulus to compare with the CS+. Four other pictures served as CS-b, CS-c, and filler stimuli. A previous study had shown that if only one control stimulus was used, this easily led to participants expecting a reversal of the contingency after extinction. Therefore, we preferred to use multiple control stimuli to reduce the saliency of the CS-a.
During acquisition each CS was administered eight times. The duration of each presentation was 7000 msec. The CS+ was always immediately followed by an electrocutaneous stimulus with a duration of 1500 msec. The three CS-s were never followed by the US. The intertrial interval (ITI) ranged between 3000 and 4000 msec, with a mean of 3500 msec. The acquisition phase consisted of two (semirandomized) blocks of 16 trials. The restriction on randomisation was that the first block always started with the administration of each of the four CSs in randomized order.
During extinction no USs were administered. The phase consisted of three experimental blocks; every CS was presented 12 times during extinction. The first extinction block started with a CS‫.מ‬ Otherwise the procedure was similar to the acquisition phase (e.g., probe presentations). For those participants that The amount of reinstatement in the secondary reaction time task was calculated as follows: Both for the last extinction block and the first test block, the reaction times for probes presented during the CS-a were subtracted from the reaction times during the CS+. Next, the extinction difference-score was subtracted from the test difference score to obtain an index for reinstatement. Positive differences are thus indicative for a greater difference in reaction times between the CS+ and the CS-a during the first test block than during the last extinction block, with slower reaction times during the CS+ than during the CS-a .
did not show sufficient extinction in the US expectancy ratings, a second extinction phase was administered. Extra extinction trials were scheduled when the participant gave a postextinction US expectancy rating Ն50 (on a scale ranging from zero to 100) for one or more of the CSs and/or when the difference in US expectancy between the CS+ and the CS-a was Ն40 (for one participant, extra extinction trials were administered although this was not necessary according to the described criterion). This additional block of extinction trials consisted of eight unreinforced presentations of all four CSs.
The reinstatement phase differed according to the condition the participant was assigned to. The reinstatement group received two unpredicted USs. The first and second US were administered, respectively, 5 and 10 sec after the onset of the phase. The control group did not receive any US presentations. No information was given with respect to the presence of USs during this phase. Four tones were administered in both groups to ensure that the participants remained trained in doing the secondary reaction time task. For the reinstatement group, these tones were presented 19.5, 36.5, 43.5, and 55.5 sec after the onset of the phase. In the control group, the tones were administered 14.5, 31.5, 38.5, and 50.5 sec after phase onset. Approximately 5 sec after the last tone probe, the first test trial was presented.
The final phase, the test phase, consisted of two presentation blocks. Each block consisted of one presentation of the CS+ and one presentation of the CS-a . The order of presentation was always the same for the two blocks but varied across participants. Because possible reinstatement effects could quickly diminish when tested under conditions of extinction, a probe was presented during all test trials. The CS+ and CS-a were each presented once with an early probe and once with a late probe.
Because the procedure we used is based on Hermans et al. (2004) , we refer the reader to this article for a more detailed description of the procedure (e.g., the instructions that preceded the different phases and the ratings).
Next to the replication of the reinstatement effect in a direct measure (fear ratings), this study provided the first evidence for reinstatement of conditioned responses in humans in a measure that can not be susceptible to demand effects (the secondary reaction time task). These effects could not be replicated in the US expectancy ratings due to an increase in US expectancy associated with the CS-a after reinstatement that was not present in the control group. A possible explanation for this increase could be that participants get uncertain about what will happen after the reinstating USs and therefore consider all presented test stimuli as "dangerous."
In addition to the reinstatement effects in the fear ratings and the RT data, we found that the greater the difference in valence between the CS+ and CS-a was after extinction, the more reinstatement was observed in the reaction time task. These data provide clear evidence for reinstatement in humans and for the role of stimulus valence in the return of conditioned responses. Our data indicate that for the participants who received reinstating USs and thus (according to Bouton 1991) experience the context as dangerous, the extent to which they show reinstatement is related to the difference in valence between the CS+ and CS-a after extinction. These findings yield concrete starting points to attenuate reinstatement by acting on the evaluative meaning of stimuli. 
